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§6. Coupling Improvement of Gyrotron 
Output to a Transmission Line 
Ito, S., Shimozuma, T., Sato, M., Idei, H., Kubo, S., 
Takita, Y., Kobayashi, S., Mizuno, Y, Yoshimura, Y., 
Ohkubo, K. 
During the 3rd experimental campaign, two 82.6GHz, an 
84GHz and three 168GHz gyrotrons are used for plasma 
production and ECH. We achieved the injection power of 
IMW, but each line had low efficiency of the heating power 
transmission. There are two causes in this loss occurring. 
One results from a lot of miterbends (corner bends) that 
change the direction of the transmission line. Another is due 
to MOU (Matching Optics Unit) which couples gyrotron 
output to transmission line. In former case, decreasing any 
miterbends can raise the efficiency. The improvement of the 
efficiency is difficult for the latter case, because a RF beam 
profile from gyrotron is very complicated, not like Gaussian. 
It is necessary to convert the RF beam including higher 
order modes to fundamental HEll mode for transmission in a 
circular corrugated waveguide. The arcing or the production 
of reflected waves may happen in the MOU, transmission 
line unless the high coupling efficiency is achieved. Besides, 
spurious RF not converted to HEll mode has to be removed 
before being coupled to waveguide. So, we decided to 
change the mirrors in the MOU converting Gaussian beam 
to raise the conversion efficiency or to operate safely. 
The MOU for 84GHz gyrotron consists of four mirrors and 
reflected RF absorbing structures. First 2 of 4 mirrors are 
used for retrieving to a Gaussian mode, and last 2 are to 
adjust the beam axis. We tried to improve the efficiency by 
changing of the first 2 mirrors into phase correcting mirrors. 
We employ a numerical phase retrieval algorithm that 
reconstructs the gyrotron output from IR thermal images[l]. 
Basing on measured radiation patterns at various positions, 
we designed the phase correction mirrors that convert the 
gyrotron output to a required Gaussian beam. Using these 
mirrors, we can achieve much higher efficiency and less 
arching. This system is shown in Fig.I. 
First we measured and checked the effect of phase retrieval 
in low power (lmW) level before high power (-500kW) 
tests. Based on the experiences in the low power test, RF 
beam axis was precisely adjusted by a laser, at first. We 
confirmed that radiation is the Gaussian beam pattern after 
the 2nd mirror finally . 
Now, we are trying to inject the power to the waveguide by 
using all mirrors and will evaluate the coupling efficiency. 
Fig.2 shows the thermal patterns before and after the phase 
retrieving mirrors. It is necessary to verify the mirror system 
in long pulse and high power operation. 
Fig.1 Phase retrieval mirrors in MOU. Left two (uneven 
surface) and right two mirrors are phase correction and 
adjustment mirrors, respectively. 
Fig.2 Left picture is a thermal pattern on gyrotron window; 
the right one is that of after phase retrieval mirrors. 
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